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 WR PDNH WKH GHVLJQ GHFLVLRQV VXFK DV WKH OHQJWK
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FRXSOHGSRWHQWLDO DQGYLVFRXV IOXLG IORZ VROYHUVZKLFK DUH FRPSXWDWLRQDOO\ FKHDS DQG WUDGLWLRQDO
RSWLPL]DWLRQWHFKQLTXHV7KHILQDOGHVLJQLVWKHQW\SLFDOO\YHULILHGE\XVLQJDKLJKILGHOLW\IORZVROYHU
7KHREMHFWLYHRIWKLVZRUNLVWRGHVLJQWKHVKDSHRIWKHFRQWUDFWLRQVRWKDWWKHIORZLQWKHH[SHULPHQWDOVHFWLRQLV
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5$16HTXDWLRQVDQGWKHORZILGHOLW\PRGHOEDVHGRQWKHVDPHHTXDWLRQVEXWZLWKFRDUVH
GLVFUHWL]DWLRQDQGUHOD[HGFRQYHUJHQFHFULWHULD:HXVHDVLPSOHUHVSRQVHFRUUHFWLRQWHFKQLTXHWRFUHDWHDVXUURJDWH
WKDWLVVXEVHTXHQWO\XVHGDVDSUHGLFWLRQWRROWR\LHOGDQDSSUR[LPDWHKLJKILGHOLW\PRGHORSWLPXP2QFRPSOHWLRQ
RIWKHFRQWUDFWLRQGHVLJQRSWLPL]DWLRQWKHHQWLUHZLQGWXQQHOZDVIDEULFDWHGDQGDVVHPEOHG3K\VLFDOPHDVWXUHPHQWV
RI WKH IORZTXDOLW\ LQ WKH H[SHULPHQWDO VHFWLRQ KDYH EHHQ SHUIRUPHG WR YDOLGDWH WKH ILQDOZLQG WXQQHO GHVLJQ ,Q
SDUWLFXODUZHPDSSHG WKH IORZ VSHHGZLWKLQ WKH FURVVVHFWLRQRI WKH H[SHULPHQWDO WHVW VHFWLRQ7KH H[SHULPHQWDO
UHVXOWVDQGFRPSDULVRQVZLWKRXUFRPSXWDWLRQDOPRGHODUHSUHVHQWHG
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7KLVVHFWLRQSUHVHQWVWKHQXPHULFDOVKDSHRSWLPL]DWLRQRIWKHZLQGWXQQHOFRQWUDFWLRQ,QSDUWLFXODUZHSUHVHQW
WKHSUREOHPIRUPXODWLRQWKH&)'PRGHOWKHRSWLPL]DWLRQPHWKRGRORJ\DQGVHYHUDOGHVLJQVWXGLHV
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$VNHWFKRIDW\SLFDOVTXDUHWKUHHGLPHQVLRQDOFRQWUDFWLRQVKDSHLVVKRZQLQ)LJVDDQGE$WWKHRXWOHWWKH
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RYHUDOOJRDOLVWKXVWRPD[LPL]HWKHIORZXQLIRUPLW\DWWKHRXWOHWLQWHUPVRIVSHHGDQGDQJXODULW\0RUHVSHFLILFDOO\
ZH ZDQW WR PLQLPL]H WKH YDULDWLRQ RI WKH VSHHG Y DQG DQJXODULW\ Į DW WKH KRUL]RQWDO DQG GLDJRQDO FRQWURO
GLUHFWLRQVLQWKHRXWOHWSODQH)LJF7KHYHUWLFDOFRQWUROGLUHFWLRQLVQRWQHHGHGGXHWRV\PPHWU\
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ZDOO VKDSH 7R VLPSOLI\ RXU SUREOHP ZH ZLOO IL[ WKH LQOHW VL]H WKH FRQWUDFWLRQ DUHD UDWLR DQG OHQJWK 7KLV LV
QHFHVVDU\ LQ WKLVSDUWLFXODUZRUN VLQFH WKH VL]HRI WKH ODERUDWRU\ WKDWKRXVHV WKHZLQG WXQQHO LV D OLPLWLQJ IDFWRU
*LYHQWKHVHSDUDPHWHUVWKHGHVLJQYDULDEOHVDUHWKHSDUDPHWHUVFRQWUROOLQJWKHZDOOVKDSH
7KHFRQWUDFWLRQZDOOVKDSHLVGHILQHGE\%p]LHUFXUYHVRQWKHV\PPHWU\SODQHV7KH%p]LHUFXUYHVRIRUGHUQ
DUHGHILQHGDV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ZKHUH3LL «QDUHWKHFRQWUROSRLQWVDQGWLVDQuPDUUD\ZLWKHQWULHVIURPWR$Q\QXPEHURIFRQWURO
SRLQWVFDQEHXVHGWRUHSUHVHQWWKHZDOOVKDSH+HUHZHXVHFRQWUROSRLQWVDVVKRZQLQ)LJD7KHILUVWFRQWUROSRLQW
LVIL[HGWRWKHLQOHWKHLJKW+&RQWUROSRLQWVDQGDUHIL[HGLQWKHKRUL]RQWDOGLUHFWLRQ7KHWKLUGFRQWUROSRLQWLVIUHH
7KHILIWKFRQWUROSRLQWLVIL[HGWRWKHRXWOHWKHLJKW,QWRWDOWKLVJLYHVGHVLJQYDULDEOHV7KHGHVLJQYDULDEOHYHFWRULV
ZULWWHQDV[ >[[][@7ZKHUH[DQG]DUHWKHFRRUGLQDWHVRIWKHFRUUHVSRQGLQJFRQWUROSRLQWV
&RPSXWDWLRQDO)OXLG'\QDPLF0RGHO
7KH IORZ LV DVVXPHG WR EH VWHDG\ LQFRPSUHVVLEOH DQG YLVFRXV 7KH VWHDG\ 5H\QROGVDYHUDJHG 1DYLHU6WRNHV
5$16HTXDWLRQVDUH WDNHQ WREH WKHJRYHUQLQJ IORZHTXDWLRQV IRU WKHKLJKILGHOLW\&)'PRGHOZLWK WKHNZ 667
WXUEXOHQFHPRGHO E\0HQWHU >@'XH WR V\PPHWULFDO UHDVRQV WKH FRPSXWDWLRQDO GRPDLQ LV RQO\RQHTXDUWHU RI WKH
FRQWUDFWLRQ7KHFRPSXWDWLRQDOPHVKLVVWUXFWXUHGZLWKEULFNHOHPHQWVDQGLVJHQHUDWHGXVLQJWKHFRPSXWHUFRGH,&(0
&)'>@7KHJULGLVPDGHGHQVHULQWKHZDOOUHJLRQ$QH[DPSOHPHVKLVVKRZQLQ)LJEDORQJZLWKWKHERXQGDU\
FRQGLWLRQV$JULGFRQYHUJHQFHVWXG\ZDVSHUIRUPHGWRGHWHUPLQHWKHDSSURSULDWHPHVKGHQVLW\,QLWLDOO\DUHODWLYHO\
ILQHJULGZDVGHYHORSHGDQGWKHQWKHJULGGHQVLW\ZDVFKDQJHGWKHQXPEHURIJULGSRLQWVKDOYHGRUGRXEOHGLQVHYHUDO
VWHSVWRREVHUYHWKHFKDQJHVLQWKHYHORFLW\ILHOGDWWKHRXWOHW7KHILQHPHVKXVHGLQWKHKLJKILGHOLW\&)'PRGHOKDV
HOHPHQWVLQWKH[GLUHFWLRQDQGHOHPHQWVLQWKH\DQG]GLUHFWLRQV7KHWRWDOQXPEHURIPHVKFHOOVLV
7KHQRQGLPHQVLRQDOQRUPDOGLVWDQFH\IURPWKHZDOOWRWKHILUVWJULGSRLQWLVURXJKO\RQH
7KHQXPHULFDOVLPXODWLRQVDUHSHUIRUPHGXVLQJWKHFRPSXWHUFRGH)/8(17>@7KHIORZVROYHULVRILPSOLFLW
GHQVLW\EDVHG IRUPXODWLRQ DQG WKH IOX[HV DUH FDOFXODWHGE\ DQXSZLQGELDVHG VHFRQGRUGHU VSDWLDOO\ DFFXUDWH5RH
IOX[VFKHPH$V\PSWRWLFFRQYHUJHQFHWRDVWHDG\VWDWHVROXWLRQLVREWDLQHGIRUHDFKFDVH7KHLWHUDWLYHFRQYHUJHQFH
RI HDFK VROXWLRQ LV H[DPLQHG E\ PRQLWRULQJ WKH RYHUDOO UHVLGXDO ZKLFK LV WKH VXP RYHU DOO WKH FHOOV LQ WKH
FRPSXWDWLRQDOGRPDLQRIWKH/QRUPRIDOOWKHJRYHUQLQJHTXDWLRQVVROYHGLQHDFKFHOO7KHFRQYHUJHQFHFULWHULD
XVHGLQWKLVZRUNIRUWKHKLJKILGHOLW\&)'PRGHOLVWKHRQHWKDWRFFXUVILUVWRIWKHIROORZLQJDPD[LPXPUHVLGXDO
RIRUDPD[LPXPQXPEHURILWHUDWLRQVRI
7KHORZILGHOLW\PRGHOLVEDVHGRQWKHVDPH&)'PRGHODVWKHKLJKILGHOLW\RQH+RZHYHUDVWKHORZILGHOLW\
PRGHOZLOOEHXVHGLQSODFHRIWKHKLJKILGHOLW\PRGHOLQWKHRSWLPL]DWLRQSURFHVVLWQHHGVWREHIDVWHULQRUGHUWR
UHGXFHWKHFRPSXWDWLRQDOFRVWRIWKHGHVLJQSURFHVV7KHVLPXODWLRQWLPHFDQEHVXEVWDQWLDOO\UHGXFHGE\PDNLQJWKH
JULGFRDUVHU+HUHZHXVHGWKHPHGLXPPHVKREWDLQHGIURPWKHJULGFRQYHUJHQFHVWXG\7KLVPHVKKDVHOHPHQWV
LQ WKH [GLUHFWLRQ DQG  HOHPHQWV LQ WKH \ DQG ]GLUHFWLRQV ZLWK D WRWDO QXPEHU RIPHVK FHOOV RI 7KH
GLVWDQFHWRWKHILUVWQRGDOSRLQWZDVNHSWIL[HG7KHVLPXODWLRQWLPHLVUHGXFHGIXUWKHUE\UHGXFLQJWKHQXPEHURI
LWHUDWLRQV:HWKHUHIRUHUHOD[WKHFRQYHUJHQFHFULWHULDIRUWKHORZILGHOLW\PRGHOE\VHWWLQJWKHPD[LPXPQXPEHU
RILWHUDWLRQVWR7KHUDWLRRIVLPXODWLRQWLPHRIWKHKLJKILGHOLW\PRGHOWRWKHORZILGHOLW\PRGHOLVDURXQG
2SWLPL]DWLRQ0HWKRGRORJ\
,Q WKLVVHFWLRQZHGHVFULEHRXUDSSURDFK WRRSWLPL]LQJ WKHFRQWUDFWLRQVKDSH$VH[SODLQHG LQ6HFWLRQ WKH
JRDOLVWRREWDLQDVXQLIRUPYHORFLW\ILHOGYDVSRVVLEOHZKHUHYLVDIXQFWLRQRIIRXUVKDSHSDUDPHWHUV[ >[[]
[@7 ,Q WKH IROORZLQJ ZH GHVFULEH WKH IRUPXODWLRQ RI WKH REMHFWLYH IXQFWLRQ WKH VXUURJDWHEDVHG RSWLPL]DWLRQ
DSSURDFK WKDW LV DGRSWHGKHUH WRGHVLJQ WKH FRQWUDFWLRQ VKDSH DVZHOO DV WKH FRQVWUXFWLRQRI WKH VXUURJDWHPRGHO
ZKLFKLVEDVHGRQWKHORZILGHOLW\&)'VLPXODWLRQV
:HDUHLQWHUHVWHG LQPLQLPL]LQJWKHYDULDWLRQRIWKHYHORFLW\PDJQLWXGH LH WKHVSHHGDVZHOODV WKHYHORFLW\
DQJOHIRUWKHWZRFRQWUROGLUHFWLRQVKRUL]RQWDODQGGLDJRQDOGHQRWHGDVYKI[WDKI[WYGI[WDGI[WZLWKW
FRUUHVSRQGVWRWKHFRQWUDFWLRQFHQWHUFRUUHVSRQGVWRWKHZDOO7KHVXEVFULSW³I´LQGLFDWHVWKDWWKHPRGHOV
DUH DVVRFLDWHG ZLWK KLJKILGHOLW\ &)' VLPXODWLRQV )RU WKH KRUL]RQWDO GLUHFWLRQ ZH DUH LQWHUHVWHG LQ PLQLPL]LQJ
YKI[WDQGDKI[WIRUWIRUWKHGLDJRQDOGLUHFWLRQZHZDQWWRPLQLPL]HYGI[WDQGDGI[WIRUW
%HFDXVHRXUWZRREMHFWLYHVYHORFLW\PDJQLWXGHDQGDQJOHDUHQRQFRPPHQVXUDEOHRQO\RQHRIWKHPDQJOH
LVWUHDWHGGLUHFWO\WKHRWKHURQHPDJQLWXGHLVKDQGOHGWKURXJKSHQDOW\IXQFWLRQ7KHREMHFWLYHIXQFWLRQLVWKHUHIRUH
GHILQHGDV

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ZKHUH'YKI[ PD[^ W _YKI[W_`±PLQ^ W _YKI[W_`'YGI[ PD[^ W _YGI[W_`±
PLQ^  W   _YGI[W_` YKIPD[   PD[^  W   _YKI[W_` YGIPD[   PD[^  W   _YGI[W_` 7KH
GHILQLWLRQVRI'DKI[DQG'DGI[DUHVLPLODU,QRXUQXPHULFDOH[SHULPHQWVZHXVHE 'YPD[LVWKHPD[LPXP
DOORZDEOHYDULDWLRQRIWKHYHORFLW\PDJQLWXGH+HUHZHVHW'YPD[ 
,QRUGHUWRUHGXFHWKHGHVLJQFRVWZHH[SORLWVXUURJDWHEDVHGRSWLPL]DWLRQ6%2SULQFLSOH>@0RUHVSHFLILFDOO\
WKHGLUHFWPLQLPL]DWLRQRIWKHKLJKILGHOLW\REMHFWLYHIXQFWLRQLVUHSODFHGE\DQLWHUDWLYHSURFHGXUH>@

 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[
[ [ 

WKDWJHQHUDWHVDVHTXHQFHRIDSSUR[LPDWHVROXWLRQV[LL «WRWKHRULJLQDOSUREOHPDUJPLQ^[+I[`(DFK
[LLVWKHRSWLPDOGHVLJQRIWKHVXUURJDWHPRGHO+VLL «+VLLVDVVXPHGWREHDFRPSXWDWLRQDOO\FKHDS
DQGVXIILFLHQWO\UHOLDEOHUHSUHVHQWDWLRQRI+ISDUWLFXODUO\LQWKHQHLJKERUKRRGRI[L8QGHUWKHVHDVVXPSWLRQVWKH
DOJRULWKPLVOLNHO\WRSURGXFHDVHTXHQFHRIGHVLJQVWKDWTXLFNO\DSSURDFK[I8VXDOO\WKHKLJKILGHOLW\PRGHOLV
RQO\ HYDOXDWHG RQFH SHU LWHUDWLRQ DW HYHU\ QHZ GHVLJQ [L IRU YHULILFDWLRQ SXUSRVHV DQG WR REWDLQ WKH GDWD
QHFHVVDU\WRXSGDWHWKHVXUURJDWHPRGHO%HFDXVHRIWKHORZFRPSXWDWLRQDOFRVWRIWKHVXUURJDWHPRGHOWKHFRVWRI
HDFKLWHUDWLRQRIWKHDOJRULWKPLVVXEVWDQWLDOO\ORZHUWKDQWKHFRVWRIVROYLQJWKHRULJLQDOSUREOHPZLWKWKHKLJK
ILGHOLW\REMHFWLYHIXQFWLRQ0RUHRYHU WKHQXPEHURI LWHUDWLRQV IRUDZHOOSHUIRUPLQJVXUURJDWHEDVHGDOJRULWKPLV
VXEVWDQWLDOO\VPDOOHUWKDQIRUDQ\GLUHFWRSWLPL]DWLRQPHWKRGHJJUDGLHQWEDVHGRUSDWWHUQVHDUFKZKLFKUHVXOWV
LQVXEVWDQWLDOWLPHVDYLQJV,QWKLVZRUNWKHVXUURJDWHPRGHOLVRSWLPL]HGXVLQJWKHSDWWHUQVHDUFKDOJRULWKP>@
7KHVXUURJDWHPRGHO+VLLVGHILQHGDV

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
ZKHUHWKHGHILQLWLRQVRI'YKVL['YGVL['DKIL[DQG'DGIL[DUHEDVHGRQWKHVXUURJDWHIXQFWLRQVYKVL[W
YGVL[WDKVL[WDQGDGVL[WDQGDQDORJRXVWRWKDWIRUWKHKLJKILGHOLW\PRGHO
7KH VXUURJDWH IXQFWLRQV FDQ EH FRQVWUXFWHG HLWKHU IURP VDPSOHG KLJKILGHOLW\PRGHO GDWDXVLQJ DQ DSSURSULDWH
DSSUR[LPDWLRQWHFKQLTXH>@RUE\XWLOL]LQJDSK\VLFDOO\EDVHGORZILGHOLW\PRGHO>@+HUHZHH[SORLWWKHODWWHU
DSSURDFK DVZHKDYH D UHOLDEOH ORZILGHOLW\PRGHO DW RXU GLVSRVDO VHH6HFWLRQ$OVR JRRGSK\VLFDOO\EDVHG
VXUURJDWHVFDQEHFRQVWUXFWHGXVLQJDIUDFWLRQRIKLJKILGHOLW\PRGHOGDWDQHFHVVDU\WREXLOGDFFXUDWHDSSUR[LPDWLRQ
PRGHOV>@
7KHUH DUH VHYHUDO PHWKRGV RI FRQVWUXFWLQJ WKH VXUURJDWH IURP D SK\VLFDOO\EDVHG ORZILGHOLW\ PRGHO 7KH\
LQFOXGHDPRQJRWKHUV VSDFHPDSSLQJ 60 >@YDULRXV UHVSRQVHFRUUHFWLRQ WHFKQLTXHV >@PDQLIROGPDSSLQJ
>@ DQG VKDSHSUHVHUYLQJ UHVSRQVH SUHGLFWLRQ >@ +HUH WKH VXUURJDWH PRGHO LV FUHDWHG XVLQJ D VLPSOH
PXOWLSOLFDWLYH UHVSRQVH FRUUHFWLRQ ZKLFK WXUQV RXW WR EH VXIILFLHQW IRU RXU SXUSRVHV $Q DGYDQWDJH RI VXFK DQ
DSSURDFK LV WKDW WKH VXUURJDWH LV FRQVWUXFWHG XVLQJ D VLQJOH KLJKILGHOLW\PRGHO HYDOXDWLRQ DQG LW LV YHU\ HDV\ WR
LPSOHPHQW
$W LWHUDWLRQ L WKH VXUURJDWHYKVL[W RI WKH YHORFLW\PDJQLWXGHYKI[W LV FRQVWUXFWHG XVLQJ WKHPXOWLSOLFDWLYH
UHVSRQVHFRUUHFWLRQRIWKHIRUP

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

ZKHUHYKF[W LV WKHORZILGHOLW\YHORFLW\PDJQLWXGHIXQFWLRQ6LPLODUGHILQLWLRQKROGVIRUWKHUHPDLQLQJVXUURJDWH
IXQFWLRQV YGVL[W DKVL[W DQG DGVL[W 1RWH WKDW WKH IRUPXODWLRQ  HQVXUHV ]HURRUGHU FRQVLVWHQF\ >@
EHWZHHQ WKH VXUURJDWH DQG WKH KLJKILGHOLW\ PRGHO LH YKVL[LW   YKI[LW :KLOH²LQ SULQFLSOH²WKLV LV QRW
VXIILFLHQW WRHQVXUHWKHFRQYHUJHQFHRI WKHDOJRULWKP WRDQRSWLPXPRI WKHKLJKILGHOLW\PRGHODVGHPRQVWUDWHG LQ
6HFWLRQWKHDOJRULWKPSHUIRUPVYHU\ZHOO7KHSULPDU\UHDVRQLVWKDWWKHORZILGHOLW\PRGHOLVSK\VLFDOO\EDVHGVRWKDW
WKHFKDQJHVRIYKI[WDQGYKF[WDUHFRUUHODWHGXQGHUWKHFKDQJHRIWKHVKDSHSDUDPHWHUV[)LJXUHLOOXVWUDWHVWKH
VXUURJDWHPRGHOFRQVWUXFWLRQ
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5HVXOWV
7KHZLQGWXQQHOFRQWUDFWLRQVKDSHKDVEHHQRSWLPL]HGXVLQJWKHPHWKRGRORJ\GHVFULEHGLQ6HFWLRQ7KHFRQWUDFWLRQ
OHQJWKZDV VHW WR P WKH LQOHWZLGWKZDV VHW WR PZKHUHDV WKH FRQWUDFWLRQ DUHD UDWLR LV  )RU FRPSDULVRQ DQG
YHULILFDWLRQ ZH FDUULHG RXW IRXU RSWLPL]DWLRQ UXQV XVLQJ  GLUHFW RSWLPL]DWLRQ RI WKH ORZILGHOLW\ PRGHO  GLUHFW
RSWLPL]DWLRQ RI WKH KLJKILGHOLW\ PRGHO  VXUURJDWHEDVHG RSWLPL]DWLRQ XVLQJ WKH PHWKRGRORJ\ RI 6HFWLRQ  
VXUURJDWHEDVHGRSWLPL]DWLRQXVLQJWKHPHWKRGRORJ\RI6HFWLRQHPEHGGHGLQWKHWUXVWUHJLRQIUDPHZRUN>@,QDOO
FDVHVWKHRSWLPL]DWLRQHQJLQHZDVDSDWWHUQVHDUFKDOJRULWKP>@7KHQXPHULFDOUHVXOWVDUHSUHVHQWHGLQ7DEOH
7KHUHVXOWVVKRZWKDWWKHVKDSHREWDLQHGE\RSWLPL]LQJWKHORZILGHOLW\PRGHOGRHVQRWEULQJPXFKRIWKHLPSURYHPHQW
LQWHUPVRIUHGXFLQJWKHYHORFLW\DQJOHYDULDWLRQ$VVKRZQLQ)LJWKHFRUUHVSRQGLQJFRQWUDFWLRQVKDSHLVDFWXDOO\TXLWH
VLPLODUWRWKHLQLWLDORQH7KLVLQGLFDWHVWKDWVLPSO\UHSODFLQJWKHKLJKILGHOLW\PRGHOE\WKHORZILGHOLW\RQHLQWKHGHVLJQ
SURFHVV LV QRW D JRRGRSWLRQ'LUHFWRSWLPL]DWLRQRI WKHKLJKILGHOLW\PRGHO VXEVWDQWLDOO\ UHGXFHV'D IURP WR
GHJUHH KRZHYHU WKH GHVLJQ FRVW LV TXLWH VXEVWDQWLDO  KLJKILGHOLW\ PRGHO HYDOXDWLRQV 7KH VXUURJDWH EDVHG
RSWLPL]DWLRQHQKDQFHGE\WKHWUXVWUHJLRQIUDPHZRUN\LHOGVWKHGHVLJQZLWKVOLJKWO\ZRUVHUHGXFWLRQRI'DGHJUHH
KRZHYHUWKHGHVLJQFRVWLVPXFKORZHU±RQO\HTXLYDOHQWKLJKILGHOLW\PRGHOHYDOXDWLRQV
7KHVXUURJDWHEDVHGRSWLPL]DWLRQZRUNLQJZLWKRXWWUXVWUHJLRQ\LHOGVPXFKEHWWHUGHVLJQZLWKUHVSHFWWRWKHYHORFLW\
DQJOHYDULDWLRQ'DRIRQO\GHJUHHDQGDWDYHU\ORZFRVWRIOHVVWKDQHTXLYDOHQWKLJKILGHOLW\PRGHOHYDOXDWLRQV
+RZHYHUWKH'YFRQVWUDLQWLVVOLJKWO\YLRODWHGLQWKLVFDVHZKLFKLVDUHVXOWRIQRWXVLQJWKHWUXVWUHJLRQDSSURDFK75
HQIRUFHV VDWLVIDFWLRQ RI'Y FRQVWUDLQW LQ &DVH  7KH FRQWUDFWLRQ VKDSHV REWDLQHG LQ &DVHV  WKURXJK  DUH UDWKHU
VLPLODUWRHDFKRWKHU1RWHWKDWWKHORZHVWYDOXHRI'DFRUUHVSRQGVWRWKHIODWWHVWGHVLJQRIWKHQR]]OHRXWOHWFI)LJ
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[W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YKV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DQG
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F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([SHULPHQWDO9DOLGDWLRQ
,Q WKLV VHFWLRQZHGHVFULEH WKHPHDVXUHPHQWVFRQGXFWHG LQ WKHZLQG WXQQHODIWHU IDEULFDWLRQ ,QSDUWLFXODUZH
SUHVHQWPHDVXUHPHQWVRIWKHIORZVSHHGXQLIRUPLW\DQGIOXFWXDWLQJOHYHOVLQWKHH[SHULPHQWDOWHVWVHFWLRQ
:LQG7XQQHO'HVFULSWLRQ
7KH ORZVSHHG ZLQG WXQQHO LV RI RSHQ VXFWLRQ W\SH DQG LV FRPSRVHG RI D VTXDUH LQOHW ZLWK WXUEXOHQFH VFUHHQV
VHWWOLQJFKDPEHUFRQWUDFWLRQWHVWVHFWLRQKRXVLQJGLIIXVHUDQGDQD[LDOIDQ)LJD7KHLQOHWKDVDFURVVVHFWLRQDO
DUHDRIPE\P7KHUHDUH WXUEXOHQFH VFUHHQVVSDFHGDSDUWE\PP WREUHDNXSDQ\FRKHUHQW ODUJH VFDOH
PRWLRQV7KHPHVKGHQVLW\JUDGXDOO\LQFUHDVHVIURPSHULQFKWKHQSHULQFKDQGODVWO\SHULQFK7KHVHWWOLQJ
FKDPEHULVPORQJDQGDOORZVIRUDQ\VPDOOVFDOHRUJDQL]HGPRWLRQVJHQHUDWHGE\WKHIORZFRQGLWLRQLQJVHFWLRQWR
GHFD\7KHVTXDUHFRQWUDFWLRQIROORZVWKHVHWWOLQJFKDPEHU7KHFRQWUDFWLRQLVPORQJZLWKDQDUHDUDWLRRIWRWKDW
UHVXOWVLQDFPVTXDUHHQWUDQFHWRWKHWHVWVHFWLRQ7KHFRQWUDFWLRQFRQWRXUZDVQXPHULFDOO\RSWLPL]HGDVGHVFULEHG
LQWKHSUHYLRXVVHFWLRQFI&DVHLQ6HFWLRQ7KHLQOHWVHWWOLQJFKDPEHUDQGFRQWUDFWLRQDUHDOOPDGHIURPVKHHW
PHWDO7KHHQFORVXUHVXUURXQGLQJWKHRSHQMHWWHVWVHFWLRQKDVDYROXPHRIPDQGDQD[LDOOHQJWKRIP$WWKH
GRZQVWUHDPHQGRIWKHWHVWVHFWLRQWKHUHLVFPVTXDUHRSHQLQJWRWKHGLIIXVHUVHFWLRQ7KHGLIIXVHUVHFWLRQPDGH
IURPVKHHWPHWDOWUDQVLWLRQVIURPDVTXDUHFURVVVHFWLRQWRDPGLDPHWHUFLUFOHRYHUDPD[LDOGLVWDQFH7KHD[LDO
IDQZDVPDQXIDFWXUHGE\)OlNW:RRGVDQGLVGULYHQE\DQN:PRWRUZKLFKLVFRQWUROOHGE\DYDULDEOHIUHTXHQF\
GULYH LQYHUWHU 7KH PD[LPXP YROXPHWULF IORZ UDWH RI WKH IDQ LV PK \LHOGLQJ D PD[LPXP IORZ VSHHG RI
DSSUR[LPDWHO\PVLQWKHWHVWVHFWLRQ

7DEOH:LQGWXQQHOFRQWUDFWLRQVKDSHGHVLJQQXPHULFDOUHVXOWV

9DULDEOH ,QLWLDO &DVH &DVH &DVH &DVH	
[     
[     
[     
[     
'D>GHJ@     
'Y>@     
1I 1$    
1F 1$    
7RWDOFRVW 1$    
'HVLJQREWDLQHGE\GLUHFWORZILGHOLW\PRGHORSWLPL]DWLRQXVLQJWKHSDWWHUQVHDUFKDOJRULWKP>@
'HVLJQREWDLQHGE\GLUHFWKLJKILGHOLW\PRGHORSWLPL]DWLRQXVLQJWKHSDWWHUQVHDUFKDOJRULWKP>@
'HVLJQREWDLQHGE\6%2ZLWKWUXVWUHJLRQVXUURJDWHPRGHORSWLPL]DWLRQSHUIRUPHGXVLQJWKHSDWWHUQVHDUFKDOJRULWKP>@
	6DPHDV&DVHEXWZLWKRXWWKHWUXVWUHJLRQIUDPHZRUN
7KH WRWDORSWLPL]DWLRQFRVW LVH[SUHVVHG LQ WHUPVRI WKHHTXLYDOHQWQXPEHURIKLJKILGHOLW\PRGHOHYDOXDWLRQV7KH UDWLRRI WKHKLJKILGHOLW\
PRGHOHYDOXDWLRQWLPHWRWKHFRUUHFWHGORZILGHOLW\PRGHOHYDOXDWLRQWLPHLVDURXQG


)LJ2SWLPL]HGQR]]OHVKDSHREWDLQHGXVLQJIRXUGLIIHUHQWGHVLJQDSSURDFKHVLQLWLDOVKDSHŷWKHVKDSHUHVXOWLQJIURPGLUHFWRSWLPL]DWLRQRI
WKH ORZILGHOLW\ PRGHO ± ± ± WKH VKDSH UHVXOWLQJ IURP WKH GLUHFW RSWLPL]DWLRQ RI WKH KLJKILGHOLW\ PRGHO ± ±  WKH VKDSH REWDLQHG E\
VXUURJDWHEDVHGRSWLPL]DWLRQZLWKLQWUXVWUHJLRQIUDPHZRUNWKHVKDSHREWDLQHGE\VXUURJDWHEDVHGRSWLPL]DWLRQQRWUXVWUHJLRQ
    


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D E
)LJD$VLGHYLHZRIWKHORZVSHHGZLQGWXQQHOVKRZLQJIURPWKHOHIWWKHLQOHWLQFOXGHVWKHEHOOPRXWKDQGWXUEXOHQFHVFUHHQVVHWWOLQJ
FKDPEHUFRQWUDFWLRQH[SHULPHQWDOVHFWLRQGLIIXVHUDQGD[LDOIDQ7KHRYHUDOOOHQJWKLVPE$YLHZLQVLGHWKHWHVWVHFWLRQKRXVLQJVKRZLQJ
WKHVLQJOHFRPSRQHQWFRQVWDQWWHPSHUDWXUHKRWZLUHSUREHRQDVWDQG

([SHULPHQWDO6HWXSDQG&DOLEUDWLRQ
$ VLQJOHFRPSRQHQW FRQVWDQWWHPSHUDWXUH KRWZLUH DQHPRPHWHU V\VWHP ZDV XVHG WR LQYHVWLJDWH WKH IORZ
XQLIRUPLW\ DV ZHOO DV WKH IORZ VSHHG IOXFWXDWLQJ OHYHOV LQ WKH WHVW VHFWLRQ7KH VHQVLQJ HOHPHQW RI WKH KRWZLUH
SUREHZDVPDGH IURP WXQJVWHQ DQG KDG D GLDPHWHU RI PLFURQV DQG OHQJWK RI QRPLQDOO\ PP 7KH VHQVLQJ
HOHPHQW ZDV FRQQHFWHG WR WKH 0LQL&7$ EULGJH 7KH RXWSXW RI WKH EULGJH ZDV WKHQ GLJLWL]HG ZLWK D 1DWLRQDO
,QVWUXPHQWVGDWDDFTXLVLWLRQFDUGZLWKDELW UHVROXWLRQ7KHVDPSOLQJ WLPHZDVVHFRQGVDWN+])RU WKH
ORZRUGHUVWDWLVWLFVSUHVHQWHGKHUHZHHVWLPDWHWKHXQFHUWDLQW\LQWKHKRWZLUHPHDVXUHPHQWVWREHOHVVWKDQ
&DOLEUDWLRQRIWKHKRWZLUHSUREHZDVDFFRPSOLVKHGE\SODFLQJDSLWRWVWDWLFSUREHLQFORVHSUR[LPLW\WRWKHKRW
ZLUHDQGFROOHFWLQJGDWDIRUDVHULHVRIZLQGWXQQHOVHWWLQJVWKDWH[WHQGHGRYHUWKHIXOOUDQJHRIWKH9)'LHIURP
WR  +] )RU HDFK RI WKH IUHHVWUHDP YHORFLW\ VHWWLQJV PHDQ YDOXHV RI ERWK WKH KRWZLUH YROWDJH DQG VSHHG
FDOFXODWHGIURPWKHSLWRWVWDWLFSUREHZHUHGHWHUPLQHGDQGDFXUYHILWZDVXVHGWRUHODWHWKHWZR7KHHUURURIWKH
FDOLEUDWLRQFXUYHILWRIWKHPHDQYHORFLWLHVZDVOHVVWKDQIRUDOOYHORFLWLHV
,QWKHWHVWVHFWLRQWKHKRWZLUHSUREHZDVSODFHGRQDVWDQGIDFLQJWKHIORZFRPLQJIURPWKHFRQWUDFWLRQH[LWDVVKRZQ
LQ )LJ E %\ WUDYHUVLQJ WKH SUREH PHDVXUHPHQWV ZHUH WDNHQ LQ RQH FURVVVHFWLRQDO SODQH ORFDWHG  FP IURP WKH
FRQWUDFWLRQ H[LW ZKLFK LV RQH WKLUG RI WKH WHVW VHFWLRQ OHQJWK 7KH PHDVXUHPHQWV ZHUH WDNHQ DW QLQH HTXDOO\ VSDFH
ORFDWLRQVVHSDUDWHGE\FPLQHDFKGLUHFWLRQ\LHOGLQJDWRWDORIPHDVXUHPHQWV7KHFURVVVHFWLRQDODUHDZKHUHWKH
PHDVXUHPHQWVZHUHWDNHQZDVFPE\FPDQGH[WHQGHGZHOORXWVLGHWKHFRQWUDFWLRQH[LWDUHDFPE\FP
)ORZ8QLIRUPLW\DQG)OXFWXDWLRQ/HYHOV
&RQWRXU PDSV RI WKH PHDQ YHORFLW\ ILHOG DQG WKH WXUEXOHQFH LQWHQVLW\ FDOFXODWHG IURP WKH KRWZLUH SUREH
PHDVXUHPHQWVDUHVKRZQLQ)LJIRUWKUHHGLIIHUHQWIUHHVWUHDPYHORFLW\VHWWLQJV7KH9)'ZDVVHWWRDQG
+]ZKLFK\LHOGHGPHDQIUHHVWUHDPVSHHGVRIDQGPVDFFRUGLQJWRWKHFDOLEUDWLRQFXUYHUHVSHFWLYHO\
7KHPHDQYHORFLW\ILHOGFRQWRXUVLQGLFDWHWKDWWKHIORZLVXQLIRUPZLWKLQWKHUHJLRQRILQWHUHVWWKHDUHDRIWKH
FRQWUDFWLRQH[LWDQGWKHIORZVSHHGZLWKLQWKHFURVVVHFWLRQPDWFKHVZHOOZLWKWKHIUHHVWUHDPYHORFLW\+RZHYHUWKHUH
LVD VOLJKWYDULDWLRQDW WKH ORZHVW IUHHVWUHDPYHORFLW\ZKHUH WKH VSHHG LV UHGXFHG WRPV LQ WKHXSSHU OHIW KDQG
FRUQHU)LJD7KLVYDULDWLRQRIWKHIORZVSHHGLVQRWZLWKLQWKHPHDVXUHPHQWXQFHUWDLQW\7KHDXWKRUVEHOLHYHWKDW
WKHUHDVRQIRUWKLVYDULDWLRQLVGXHWRXQV\PPHWULFDOLQIORZDWWKHLQOHWFDXVHGE\REMHFWVORFDWHGLQWKHH[SHULPHQWDO
URRPORFDWHGWRRFORVHO\WRWKHXSSHUOHIWFRUQHURIWKHLQOHW7KLVZLOOEHUHFWLILHGE\FOHDULQJWKHVHREMHFWV
7KHWXUEXOHQFHLQWHQVLW\FRQWRXUVLQGLFDWHWKDWWKHIORZXQVWHDGLQHVVLVUDWKHUKLJKUDQJLQJIURPWRZLWKLQ
WKH UHJLRQ RI LQWHUHVW $ GHVLUHG OHYHO RI WXUEXOHQFH LQWHQVLW\ LV OHVV WKDQ  LQ WKH ZKROH FURVVVHFWLRQ 7KH
WXUEXOHQFH LQWHQVLW\ OHYHOVDUHFRQWUROOHGE\ WKH WXUEXOHQFH VFUHHQVZLWKHDFKQHZVFUHHQ WKH OHYHOFDQEHKDOYHG
>@&XUUHQWO\WKHZLQGWXQQHOKDVWKUHHWXUEXOHQFHVFUHHQVWKHUHIRUHWKUHHDGGLWLRQDOVFUHHQVDUHQHHGHGWRUHDFK
WKHGHVLUHGLQWHQVLW\OHYHOV

)ORZGLUHFWLRQ
+RWZLUH
6WDQG
2XWOHW
6HWWOLQJ
FKDPEHU
&RQWUDFWLRQ
7HVWVHFWLRQ
KRXVLQJ
'LIIXVHU
)DQ,QOHW
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D0HDQIORZVSHHGFRQWRXUVDW9f PV E7XUEXOHQFHLQWHQVLW\FRQWRXUVDW9f PV
F0HDQIORZVSHHGFRQWRXUVDW9f PV G7XUEXOHQFHLQWHQVLW\FRQWRXUVDW9f PV
H0HDQIORZVSHHGFRQWRXUVDW9f PV I7XUEXOHQFHLQWHQVLW\FRQWRXUVDW9f PV
)LJ)ORZXQLIRUPLW\DQGIOXFWXDWLRQOHYHOVDWRIWKHWHVWVHFWLRQOHQJWKIURPWKHFRQWUDFWLRQH[LW'DWDLVVKRZQIRUPRWRUVHWWLQJVRI
DQG+]RUPHDQIUHHVWUHDPVSHHGV9fRIDQGPVUHVSHFWLYHO\)ORZVSHHGLVJLYHQLQPVDQGWXUEXOHQFHLQWHQVLW\LQ
7KHDUHDRILQWHUHVWLQWKHGHVLJQRSWLPL]DWLRQVWXG\FI6HFWLRQLVVKRZQKHUHZLWKWKHGDVKHGOLQHVYDOXHRIWKHFRQWUDFWLRQH[LW
VL]H7KHFRQWUDFWLRQH[LWERXQGDU\LVVKRZQZLWKVROLGOLQHV
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&RQFOXVLRQV
:HSUHVHQW DQ HIILFLHQW GHVLJQRSWLPL]DWLRQRI WKHZLQG WXQQHO FRQWUDFWLRQ VKDSH7KH VKDSH LV SDUDPHWHUL]HG
XVLQJ%p]LHUFXUYHVZLWKILYHFRQWUROSRLQWV7KHRSWLPL]HGGHVLJQLVREWDLQHGXVLQJVXUURJDWHEDVHGRSWLPL]DWLRQ
ZLWKWKHUHVSRQVHFRUUHFWHGORZILGHOLW\&)'PRGHOH[SORLWHGDVDIDVWVXUURJDWHPRGHOWKDWDOORZVXVWRSUHGLFWWKH
RSWLPXPFRQWUROSDUDPHWHUV DW D ORZFRPSXWDWLRQDOFRVW7RRXUNQRZOHGJH LW LV WKH ILUVW DSSOLFDWLRQRI6%2 WR
ZLQGWXQQHOFRQWUDFWLRQGHVLJQ7KHGHVLJQLVYHULILHGWKURXJKH[SHULPHQWDOPHDVXUHPHQWV
5HIHUHQFHV
 %DUORZ-%5DH:+DQG3RSH$/RZ6SHHG:LQG7XQQHO7HVWLQJUGHGLWLRQ-RKQ:LOH\	6RQV
 :DWPXII - ³:LQG 7XQQHO &RQWUDFWLRQ'HVLJQ´ WK $XVWUDODVLDQ )OXLG0HFKDQLFV &RQIHUHQFH$XFNODQG1HZ =HDODQG'HF 

 6X<³)ORZ$QDO\VLVDQG'HVLJQRI7KUHH'LPHQVLRQDO:LQG7XQQHO&RQWUDFWLRQV´$,$$-RXUQDOYROQRSS

 'RRODQ &- DQG 0RUJDQV 5& ³1XPHULFDO (YDOXDWLRQ DQG 2SWLPL]DWLRQ RI /RZ 6SHHG :LQG 7XQQHO &RQWUDFWLRQV´ WK $,$$
&RPSXWDWLRQDO)OXLG'\QDPLFV&RQIHUHQFH0LDPL)ORULGD-XQH
 0DWKHZ - %DKU & &DUUROO % 6KHSODN0 DQG&DWWDIHVWD / ³'HVLJQ )DEULFDWLRQ DQG&KDUDFWHUL]DWLRQ RI DQ $QHFKRLF:LQG
7XQQHO)DFLOLW\´WK$,$$&($6$HURDFRXVWLFV&RQIHUHQFH0RQWHUH\&DOLIRUQLD0D\
 /HSLQH - *XLEDXOW ) 7UHSDQLHU -< DQG 3HSLQ ) ³2SWLPL]HG 1RQXQLIRUP 5DWLRQDO %6SOLQH *HRPHWULFDO 5HSUHVHQWDWLRQ IRU
$HURG\QDPLF'HVLJQRI:LQJV´$,$$-RXUQDO9RO1RSS
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